We report on the first successful growth of single crystals of the noncentrosymmetric superconductor Mo3Al2C obtained by means of a cubic-anvil, high-pressure and high-temperature technique. Composition, structure, and normal-state transport properties of the crystals were studied by means of X-ray diffraction, energy-dispersive X-ray spectroscopy, magnetic susceptibility and resistivity measurements as a function of temperature. Variations in critical temperature (Tc) between 8.6 and 9.3 K were observed, probably due to the slightly different carbon stoichiometry of the samples. Single-crystal X-ray refinement confirmed the high structural perfection of the grown crystals. Remarkably, the refined Flack parameter values for all the measured crystals using a P 4132 spacegroup model were consistently close to either 0 or 1, hence indicating that the considered crystals belong to two enantiomorphic space groups, P 4132 and P 4332. An anomaly in the resistivity is observed at ≃ 130 K, most likely associated with the onset of a charge-density-wave phase. The superconducting properties (and in particular the symmetry, the amplitude and the temperature dependence of the superconducting gap) were studied by using -for the first time in this compound -point contact Andreev-reflection spectroscopy. The results confirm that Mo3Al2C is a moderately strongly-coupled superconductor with 2∆/kBTc ≃ 4 and unambiguously prove that the order parameter has an s-wave symmetry despite the asymmetric spin-orbit coupling arising from the lack of inversion symmetry.
I. INTRODUCTION
Noncentrosymmetric superconductors (NCS) have recently attracted considerable attention. The discovery of a mixing of spin-singlet and spin-triplet states in the heavy fermion NCS CePt 3 Si (with critical temperature T c ≃ 0.75 K [1] ) has boosted a research aimed at investigating the effects on the superconducting pairing of the lack of inversion symmetry. The latter is reflected in the electronic structure through the spin-orbit coupling; a strong asymmetric spin-orbit coupling indeed results in a spin-splitting of the energy bands [2] . Actually, heavyfermion compounds also display a strong electronic correlation (not to mention the complications due to the localized magnetic moments arising from the rare-earth f electrons) so that they are not the simplest materials where to study the effects of a lack of inversion symmetry. In the past decade, many other NCS with a strong spin-orbit coupling have been investigated, displaying relatively high critical temperatures (T c > 9 K) and critical magnetic fields, based on transition metals (Mo, Pd, Pt...) such as, for example, Y 2 C 3 [3] , Li 2 Pd x Pt 3−x B * nzhigadlo@gmail.com [4] , Mo 3 Al 2 C [5] that do not present the aforementioned complications.
Mo 3 Al 2 C, in particular, was identified as an interesting candidate for unconventional superconductivity driven by the lack of inversion symmetry [5, 6] . The compound has a β-Mn type structure, with space group P 4 1 32 and a T c of ca. 9 K. Experimental studies of Mo 3 Al 2 C polycrystals have been carried out both in the normal and in the superconducting state. In the normal state, some anomalies in the resistivity, susceptibility, and nuclear-magnetic-resonance (NMR) measurements were interpreted as being due to the opening of a charge-density-wave gap [7, 8] at about 130 K. In the superconducting state, early results of NMR and specificheat measurements were interpreted as arising from a non conventional superconducting coupling, possibly with a nodal gap [5] . However, the low-temperature specific heat behaviour was found to be exponential, as expected for an isotropic gap [6] , and some of the anomalies at higher temperature were later attributed to minor impurity phases. Penetration-depth measurements confirmed this picture evidencing a temperature-independent penetration depth below 0.5 K [9] . In polycrystals of improved quality, NMR measurements showed a peak in 1/T 1 just below the transition and a low-temperature exponential behaviour consistent with a pure s-wave order parameter [8] . More recently, the absence of time-reversal symmetry breaking in Mo 3 Al 2 C was concluded by µSR measurements [10] .
A direct measure of the gap by means of a spectroscopic technique such as tunnel spectroscopy or Andreevreflection spectroscopy is however missing. In particular, the necessity to carry out direct gap measurements in single crystals has been evidenced by the aforementioned, strong effect of the impurity phases on the measured quantities.
II. EXPERIMENTAL DETAILS AND CRYSTAL GROWTH
For the growth of Mo 3 Al 2 C single crystals, we used the cubic-anvil, high-pressure, and high-temperature technique. The details of experimental set up can be found in our previous publications [11, 12] . The apparatus consist of a 1500-ton press, with a hydraulic-oil system comprising a semi-cylindrical multianvil module (Rockland Research Corp.). A set of steel parts transmit the force through six tungsten carbide pistons to the sample in a quasi isostatic way. This method was successfully applied earlier on to grow various compounds, including superconducting and magnetic intermetallic crystals, diamonds, pyrochlores, LnFeP nO (Ln: lanthanide, P n: pnictogen), oxypnictides, and numerous other compounds [13] .
The main challenges when growing single crystals of Mo 3 Al 2 C are the relatively poor reactivity of C and the huge differences in the melting temperatures of components: 2617
• C for Mo, 660
• C for Al, and 3827
• C for C. This is probably the reasons why it is so difficult to synthesize even single-phase polycrystalline samples. As already shown in previous studies, the superconductivity in this material is very sensitive to the details of the heat treatment and to final stoichiometry [14] . In order to shed light on these metallurgical problems one needs to perform systematic studies on single crystals. We note here that any high-temperature growth in quartz ampoules that utilizes Al as a flux cannot be performed easily, since Al vapor attacks the quartz, leading to a loss of the protective atmosphere. However, as we will show in the present study, the single crystals of Mo 3 Al 2 C can be grown successfully by using a high-pressure closed system.
In order to better understand the origin of variation in T c we synthesized more than twenty different compositions with different stoichiometries under high-pressure conditions. The most representative stoichiometries and synthesis protocols are depicted schematically in Fig. 1. A mixture of Mo, Al, and C powders in a molar ratio Mo 3 Al 2.0−2.2 C 0.87−1.1 was placed inside a boron nitride (BN) crucible with an inner diameter of 8.0 mm, and a length of 9.0 mm. The heating element is a graphite tube. Six tungsten carbide anvils generate pressure on the whole assembly. In a typical run, a pressure of 3 GPa is applied at room temperature. The mixture was heattreated according to the synthesis protocols summarized in Fig. 1 while keeping the pressure constant throughout the growth process. The pressure was released only at the end of the crystal growth. The results of the different loadings and protocols can be summarized as follows:
− The perfectly stoichiometric Mo 3 Al 2 C loadings, heat-treated at 1550
• C and then slowly cooled, resulted in single crystals with T c ranging between 8.55 and 9.25 K (see Fig. 1, protocols A and B) .
− The Al-rich, i.e., Mo 3 Al 2.2 C loadings (protocol C) yielded samples with T c = 8.55 -8.75 K.
− The C-rich Mo 3 Al 2 C 1.1 loadings (protocol D) yielded crystals with T c = 9.2 -9.3 K, that however contained also a Mo 2 C phase as impurity besides the Mo 3 Al 2 C phase, as revealed through a kink in the magnetic susceptibility at 3 K.
− The stoichiometric Mo 3 Al 2 C and the C deficient Mo 3 Al 2 C 0.87 loadings heat-treated by protocols E and F led to single-phase samples with T c = 9.05 − 9.3 K and T c = 9.15 − 9.3 K, respectively.
The origin of the difference in T c between different crystals is not clear yet, but current studies suggest that it is most likely due to slightly different sample stoichiometries. Indeed, nominally carbon-deficient crystals (as, e.g., Mo 3 Al 2 C 0.87 ) feature a higher T c with respect to nominally stoichiometric ones. This raises the question whether the formation of C vacancies is thermodynamically possible. Considering the well-established crystal structure such an idea looks surprising, as no Mo or Al vacancies could be detected. However, the situation is different for carbon which, as a light atom, makes it difficult to establish experimentally the actual C content. One should also consider that carbides normally exhibit vacancies in their sublattices [15] . We note here that polycrystalline Mo 3 Al 2 C samples show a rather wide spread of T c = 9.0 − 9.3 K, indicating that such samples are not perfectly stoichiometric. All together, these results indicate that the studied compound might be stabilized by vacancy formation.
The influence of stoichiometry, and in particular of carbon deficiency, on the thermodynamic stability and on the electronic structure of Mo 3 Al 2 C has been studied theoretically by means of DFT calculations [14] . The electronic density of states at the Fermi level, which is an important parameter that controls the critical temperature, is enhanced by carbon vacancies. The phonon DOS D(ω) is heavily affected as well: on increasing the concentration of carbon vacancies, the low-energy part of the spectrum becomes increasingly Debye- than of the phonon DOS alone), the link between the concentration of C vacancies and the critical temperature is highly plausible.
In our experimental conditions we observed variations in T c even within individual batches. Therefore, besides the starting nominal composition and synthesis temperature, the temperature gradient across the sample is another important parameter that controls T c . For a cell temperature of 1500 − 1550
• C, we estimate a temperature gradient across the sample of ca. 70
• C. The whole assembly produces, therefore, a parabolic temperature profile across the sample, with the maximum temperature being reached at its center (for more details, see Ref. [11] ). Thus, one may expect the formation of Mo 3 Al 2 C with slightly lower T c s at the top and bottom parts of the BN crucible, whereas crystals with a higher T c , i.e., Mo 3 Al 2 C 0.87 , will grow close to the centre of the crucible, where the temperature is highest. Our experimental findings are consistent with DFT calculations reported in Ref. [14] and demonstrate that superconducting transition temperature and carbon vacancy concentration can be controlled by the synthesis protocol. It is quite plausible that quenching of the samples from high temperatures will result in the freezing of high concentration of C vacancies (≃ 0.13 -0.14), whereas at slow cooling process the vacancy concentration might be reduced since more carbon atoms can be introduced in the lattice. Figure 2 shows optical microscope images of Mo 3 Al 2 C single crystals. Fig. 2a shows a top view of the asgrown solidified lump with a mixture of single-crystalline Mo 3 Al 2 C and some flux. The lump was crucible-limited and its circular cross section is due to the crucible walls. After crushing, a large number of crystals with various shapes, and sizes up to 1 mm 3 were found (Fig. 2b ). The stoichiometry of the grown crystals was checked by energy-dispersive X-ray spectroscopy. For each growth batch, 5 to 7 crystals were analyzed. Their Mo and Al content was always found to be close to the stoichiometric 3:2 composition within experimental resolution 0.1. The search for possible C deficiencies in nominally defi- A magnetic determination of the critical temperature for each growth batch was performed on clean single crystals with sizes of few hundreds of micrometers. Some examples of zero-field-cooled (ZFC) temperaturedependent measurements in low field are shown in Fig. 3 . The spread of T c for each individual batch is indicated in Fig. 1 . In general, the transition to the superconducting state is very narrow; the "10-90" criterion gives δT c = T 
III. STRUCTURE REFINEMENT
Single-crystal X-ray diffraction experiments were performed with an Oxford Diffraction diffractometer equipped with an Onyx CCD detector, a Mo X-ray tube and a graphite monochromator adjusted to select K lines. Several crystals were measured to obtain representative crystal structures. The measurements at λ = 0.71073Å were performed with an oscillation angle of 1
• . Reflection integration and data reduction were performed using the software package CrysAlis from Oxford Diffraction. Structure solution and the determination of atomic positions were performed using the programs SUPERFLIP [16] and EDMA [17] respectively. All the refinements were done with SHELXL97 [18] .
The Fourier spectra of all the measured crystals exhibit an m3m Laue symmetry. The reflection conditions we find (h00: h = 4n) correspond to two enantiomorphic space groups, P 4 1 32 and P 4 3 32 (Fig.4) . These can be distinguished based on the Flack parameter value [19] , provided the anomalous signal is strong enough, a sufficient number of Friedel pairs is measured, and special attention is paid to the absorption corrections. These factors are critical to achieve a low estimated standard deviation (e.s.d.) for the Flack parameter and, hence, a reliable conclusion about the absolute crystal structure. To facilitate the accurate refinement of the Flack parameter, datasets with a high redundancy and a coverage close to 100 were collected for all the crystals. Regardless of all the precautions adopted, the minimal achieved e.s.d.'s for the Flack parameter value were about 0.1, which is somewhat higher than the recommended value of less than 0.04. However it is remarkable that Flack parameter values refined for all the measured crystals using the model with the space group P 4 1 32 were reproducibly close to either 0 or 1, a strong indication that the studied samples were a mixture of crystals with space groups P 4 1 32 and P 4 3 32. The results of two representative refinements are reported in Table I and in Ref. [20] . The refined atomic positions and displacement parameters for the model with space group P 4 1 32 are presented in Tables II and III.
The crystalline structure of Mo 3 Al 2 C corresponds to that of β-Mn: both Mo and Al atoms are in a distorted icosahedron, while C atoms are in a distorted octahedral coordinations built from metal atoms (Fig. 5) . The space groups P 4 1 32 and P 4 3 32 differ by inversion symmetry, arising from the pair of enantiomorphic axes 4 1 and 4 3 . The difference between the two axes can be explained with reference to Fig. 5 . By considering the z-coordinate of the Al-atom closest to 4 1 z-axis, its symmetry-equivalent is obtained via a counterclockwise rotation by 90
• with subsequent translation by c/4 along the c-axis. The translation component of the 4 3 z-axis Weighting scheme is the same, but the rotation occurs clockwise. Hence, in the former case Al atoms (as well as Mo and C) ascend counterclockwise along the c-axis, whereas in the latter case Al atoms ascend clockwise along the c-axis. The same is valid for the coordination polyhedra. To further confirm the enantiomorphic purity of the studied crystals, single crystal X-ray diffraction at the other wavelengths or at lower temperature could be performed.
IV. ELECTRIC TRANSPORT MEASUREMENTS
Transport measurements were carried out as a function of temperature either in vacuum (using a Cryomech TM ST-403 3K pulse-tube cryocooler) or in He exchange gas, by mounting the crystals on the cold head of a cryogenic insert. Figure 6a shows the resistivity of crystal B/2 (i.e., obtained with the protocol B, see Fig. 1 ) as a function of temperature (blue circles). The residual resistivity is ρ 0 = 125 µΩ cm, i.e., of the same order of magnitude as that reported for some polycrystalline samples [5] but, unlike in polycrystals [5, 6, 8] , a rather clear minimum in the resistivity is observed at T * = 134 ± 4 K (see Fig. 6b ). It is interesting to note that the opening of a charge density wave (CDW) gap at about 130 K was proposed [7] based on 27 Al nuclear magnetic resonance measurements that showed anomalies in the Knight shift and in the spin-lattice relaxation rate [21] . A signature of these anomalies was later found in the resistivity of polycrystals in the form of a slope change in the ρ(T ) curve [8] .
As clearly shown in Fig. 6a , the superconducting transition of the B/2 crystal is rather sharp, with an onset at T change is instead observed, as in polycrystals [8] . Figure 7a shows the temperature dependence of the I-V characteristics of the B/2 crystal. The measurements were performed by applying short current pulses and measuring the voltage drop across the sample in the same four-probe configuration used for the resistivity measurements. To optimize the thermal exchange between the sample and its environment, allow a proper heat dissipation, and ensure that every single point was taken at the same starting temperature conditions, the sample was mounted in He exchange gas and the current pulses were separated by several seconds of idle time. The curves clearly show the current-induced transition from the superconducting to the resistive state, and then to the normal state, where their slopes corresponds to the normal-state conductance of the sample just above T c (straight line). Figure 7b shows the temperature dependence of the current density (let us call it j m for reasons that will become clear below), at which the electric field across the sample is 1 µV/cm. In other words, j m is the current density at which a non-zero resistance appears. Its temperature dependence is [22] :
The fit of the data points with this function (solid line in Fig. 7b) gives T c = 8.48 K, corresponding to T on c , i.e., to the achievement of the normal state in the resistivity curve (see Fig. 6a ). This functional form of the temperature dependence of j m , together with the shape of the I-V curves themselves (the very sharp onset of a finite voltage, the ubiquitous ripples in the transition region, the linear behaviour just above j m ) clearly indicate that the transition to the resistive state is dominated by selfheating effects and thus occurs at current densities j m much smaller than the real j c [22] . As we will show in the following, this is relevant for the analysis of the results of point-contact Andreev-reflection spectroscopy.
V. POINT-CONTACT ANDREEV REFLECTION SPECTROSCOPY (PCARS)
Point-contact spectroscopy is a simple but very effective technique for the measurement of the amplitude and symmetry of the energy gap in superconductors. It consists in measuring the differential conductance (dI/dV ) of a ballistic contact between a normal metal (N) and the superconductor (S) under study, as a function of the voltage bias. If the potential barrier at the N/S interface is sufficiently small, the conduction is dominated by Andreev reflection [23, 24] , even though the probability of quasiparticle tunnelling is not zero. The spectrum obtained in this way can be fitted to suitable models for the Andreev reflection at the N/S interface [24, 25] to obtain quantitative information on the amplitude of the gap and on its symmetry in the reciprocal space. The condition for ballistic conduction (and thus for energyresolved information to be extracted from the spectra) is that the radius of the contact (schematized as a circular aperture in the otherwise completely opaque barrier between the N and S banks) is smaller than the electronic mean free path in both banks, i.e. a ≪ min[ℓ, ℓ ′ ]. When this condition is satisfied, the resistance of the contact (called Sharvin resistance) is determined only by the geometry, i.e., by the number of the quantum-conductance channels:
where τ is a function of the Fermi velocities in the two banks [26] and is often disregarded for approximate estimations. Note that R N is the resistance of the ballistic contact when both banks are in the normal state, but also coincides with the resistance of the same contact in the superconducting state (T < T c ) measured at sufficiently high bias (i.e., V > 3∆, with ∆ the amplitude of the superconducting gap) [26] . Point contacts on Mo 3 Al 2 C crystals were made by using the so-called "soft" PCARS technique, i.e., by stretching a thin gold wire across the crystal (that was not subject to any treatment), so that it touches the crystal in a single point. Sometimes we used a drop of Ag paste to make the contact, which ensures a much higher mechanical and thermal stability of the contact itself [26] ; in other cases we used the gold wire alone. In each case, Mo 3 Al 2 C represents the bank with the smaller k F . By using the free-electron approximation one finds that the 
Sharvin resistance reads:
where both ρ and ℓ refer to Mo 3 Al 2 C. The mean free path has been reported to be ℓ = 3 nm [5] and the lowtemperature resistivity is ρ ≃ 125µΩcm, so that the condition a < ℓ means that the resistance of the contact should be larger than 180 Ω to fulfill the ballistic conditions. Obtaining such a high value of contact resistance is not straightforward because the surface of the crystals is extremely clean. Figure 8a shows some conductance curves, recorded at different temperatures (starting from 2.6 K, i.e., below T c /3) of a Au/Mo 3 Al 2 C contact with R N = 250 Ω in the crystal B/3 that has a critical temperature T M,on c = 8.75 K determined from magnetization. The enhancement of conductance at low bias is due to Andreev reflection; the shape of the curves is typical of an s-wave superconductor, without any evidence of other components of the order parameter such as, for instance, a p-wave one. This is fully consistent with previous findings from magnetic penetration depth measurements [9] and muon spin rotation and relaxation studies [10] , that showed the absence of time-reversal symmetry breaking in Mo 3 Al 2 C. The two symmetric maxima occur roughly at V = ±∆/e, but a fit with a suitable model was required to gather more accurate quantitative information. To this aim, the curves were normalized, i.e., divided by R N , and vertically shifted for clarity; the solid lines in the figure represent best fits using the Tanaka-Kashiwaya version [25] of the BTK model [24] for Andreev reflection at a N-S interface. The agreement, especially in the low-bias region, where the noise is smaller, is very good. The model we used contains only three parameters: the gap amplitude ∆, a barrier parameter Z, and a smearing parameter Γ that accounts for the intrinsic finite lifetime of quasiparticles and for extrinsic (experimental) sources of broadening [26] . Note that only ∆ was varied as a function of temperature to adjust the theoretical curves to the experimental spectra, while both Z and Γ were determined from the fit of the lowest-temperature curve and then kept constant on increasing the temperature.
The temperature dependence of the gap extracted from the curves is shown in Fig. 8b . Unfortunately, the contact broke down (because of the different thermal expansion coefficients of the various materials) at 6.6 K. However, the data points could still be fitted to a BCS-like curve:
giving ∆(0) = 1.728 ± 0.008 meV and T c = 8.86 ± 0.07. The corresponding gap ratio 2∆(0)/k B T c = 4.53 lies midway between those obtained from specific-heat measurements (4.028 [6] and 4.06 [10] ) and that given by penetration depth measurements (5.18 [10] ). In contacts with resistance smaller than 180 Ω, the spectra systematically display anomalous "dips" at intermediate bias values, whose position strongly depends on the resistance of the contact. As an example, Fig. 9 reports the conductance curves of the same Mo 3 Al 2 C/Ag paste contact on the crystal F/3 (T M,on c = 9.3 K determined from magnetization) for different values of its resistance, progressively reduced by applying short voltage pulses as described elsewhere [26] . It is clear that, on decreasing R N , the dips become deeper and deeper and move towards lower voltages. This behavior excludes that such dips have any relation with the superconducting energy gap or with any other intrinsic energy scale of the material under study.
There are two possible mechanisms that can give rise to these dips. The first, in principle, can occur even for ballistic contacts, and reflects simply the fact that, on increasing the current, the critical current density (or, better, j m , as shown in Fig. 7 ) is reached and the material turns to the normal state. This picture, nevertheless, does not apply to our case since, in purely ballistic contacts (see Fig.8 ), such dips are missing. The other mechanism for the formation of the dips relates them to the breakdown of the conditions of ballistic conduction through the contact [27, 28] . A rough estimate of the contact radius for the curves of Fig. 9 , based on the Sharvin equation, indicates that a increases from ≃ 7.5 nm when R N = 28.1 Ω to ≃ 19 nm when R N = 4.3 Ω. Since ℓ ≃ 3 nm, none of these contacts is actually in the Sharvin regime. The contact resistance can thus be approximately expressed [29] as R N = R S + R M where the Maxwell term R M is equal to (ρ+ρ ′ )/2a. In the superconducting state at low T , ρ ′ = 0 and the Maxwell term only contains the (very small) resistivity of gold. Since R S ∝ a −2 and R M ∝ a −1 , their relative contribution to the total contact resistance depends on a. Unless a is very small, R M is not negligible and this has many consequences.
First, when the critical conditions of temperature and current density are reached, ρ ′ starts playing a role in the Maxwell term. Since ρ ′ is again proportional to the derivative of the curves in Fig. 7 , the dips arise [27] . Clearly, the smaller the contact resistance, the smaller the voltage at which this happens, as shown in Fig. 9 . When the dips are too close to ∆/e, the Andreevreflection features look narrower than in higher-resistance contacts; in the limit case, they collapse into a single featureless maximum at zero bias (top curve in Fig. 9) . Moreover, the dips move towards lower voltages in curves recorded at increasing temperatures. This is shown for example in Fig. 10a that reports the temperature dependence of the conductance curves of a point contact on the crystals B/2, with a resistance R N ≃ 24.6 Ω.
Second, once ρ ′ = 0, Joule heating in the contact starts to be substantial and rapidly makes the temperature in the contact increase according to the law 
, L being the Lorentz number and T 0 the bath temperature. Therefore, only the part of the spectrum at |V | < V dip is actually recorded at the bath temperature. Third, while the resistance of the contact at low bias is practically R S (the term ρ/4a being very small) it becomes equal to R S + R M at high bias. Since example, the curves shown in Fig. 10b are at the limit. At low temperature the dip falls at a voltage high enough to ensure that the central part of the curve (i.e. up to and slightly above the conductance maxima) is still reliable, and its fit can provide a reasonable estimation of the gap. The fit of the curves reported in Fig. 10b is shown in Fig. 11 . In panel (a) the PCARS spectra (i.e. the differential conductance curves normalized to their highvoltage resistance) are compared to the best-fitting 2D-BTK curve. The fitting procedure was the following. First we approximately determined up to which voltage the model for an ideal contact was able to account for the observed shape of the curve. In other words, we excluded from the calculation of the sum of squared residuals (SSR) the part of the curve dominated by the dips. It turned out that a safe range was ±2 meV. This is enough to fit the region of the zero-bias valley and the two symmetric maxima -which is the most important to assess the possible presence of zero-bias excitations associated to gapless regions of the Fermi surface (like, e.g. when a gap has nodes) or more generally the symmetry of the gap in the k space.
Then, we fitted all the curves by minimizing the SSR in the same range at all temperatures. This was made both by using an automatic fitting procedure using the 1D BTK model [24] , and by changing the parameter values by hand, within the 2D BTK model [25, 26] . In both cases, we used an isotropic s-wave gap. Within the range of reliability, there is again no detectable discrepancy between the experimental curves and the theoretical spectra, and hence no sign of a non-s-wave component. The values of the gap amplitude ∆ and of the broadening parameter Γ resulting from the two procedures were identical (Z values were instead different, as expected, because of the different assumptions of the two models). Fig. 11b shows the fitting parameters resulting from the 2D BTK model. Because of the presence of the dips and of their progressive moving to lower voltages on increasing temperature, the values of the gap start to deviate very soon (at about 6 K) from a BCS-like ∆(T ) curve. Therefore, determining the zero-temperature gap amplitude ∆ 0 is not easy: Qualitatively, one can say that only the first two points lie on top of a BCS-like curve with ∆ 0 = 1.6 meV and gap ratio 4.1. Note that the values of Γ necessary to obtain a good fit decrease on increasing temperature. This is a clear sign that the Andreev features are progressively narrowing, eroded by the dips. In the ideal case Γ should instead increase or at most remain approximately constant (see Fig. 8b ).
Similar behaviour was observed in all the contacts showing dips. Fig. 12 summarizes the gap values obtained from the fit of the low-temperature curves of various contacts with different resistance, in different crystals. The data show that the resistance of the contact has a very clear effect on the value of the fitting parameter ∆. In contacts with low resistance, where the dips interfere with the Andreev structures (as in Fig. 10a ) the value of ∆ that results from the fit is not a good measure of the superconducting gap amplitude. Hence, the large variability in the values of ∆ for R N < 50 Ω simply reflects the fact that ∆ is sensitive to extrinsic effects (e.g. the Maxwell term in the contact resistance) that depend on the contact and not only on the material under study. For R N > 50 Ω the number of points is much smaller, because of the aforementioned difficulty to keep the contact resistance sufficiently high. However, on increasing R N the values of ∆ follow a clear trend with a tendency to saturate at 1.6-1.7 meV at the highest values of contact resistance. Note that the data points shown in Fig.12a come from different crystals (see the legend) that have slightly different critical temperatures: 8.48 ± 0.02 K for B/2, 8.86 ± 0.07 K for B/3, and 9.27 ± 0.02 K for F/3. Despite these differences, all the values of ∆ fit in a common trend. Figure 12b conditions for ballistic conduction are definitely fulfilled, the gap ratio 2∆/k B T c tends to the value 4.2-4.3.
VI. CONCLUSIONS
In summary, we have reported the successful growth of Mo 3 Al 2 C single crystals under high-pressure, hightemperature conditions. Such synthesis conditions allow us to overcome the problems related to the low reactivity of C and the greatly different melting temperatures of the elements. Our results suggest that C-deficient stoichiometries can be achieved in Mo 3 Al 2 C under high pressure conditions. The current work could provide a helpful guidance for further experimental synthesis of various C-based intermetallics under high pressure.
Single-crystal X-ray refinement confirmed the high structural perfection of the grown crystals. It is remarkable that the Flack parameter values refined for all the measured crystals by using a P 4 1 32 space-group model were reproducibly close to either 0 or 1, hence strongly suggesting that the studied crystals correspond to the two enantiomorphic space groups P 4 1 32 and P 4 3 32.
The superconducting critical temperature of the crystals was measured by means of magnetization and transport measurements. A certain variability in T c between 8.6 K and 9.3 K was observed, depending on the growth protocol and probably related to the actual C content. The transition turned out to be very narrow, displaying δT c ≃ 0.3 K. Some features in the resistivity (i.e., a clear minimum or a change in slope) were observed around 130 K, possibly associated with the opening of a charge density wave gap. Extensive point-contact Andreev reflection spectroscopy studies confirmed that Mo 3 Al 2 C is a moderately strong-coupling superconductor with 2∆/k B T c ≃ 4. The order parameter has an s-wave symmetry, despite the asymmetric spin-orbit coupling arising from the lack of an inversion symmetry.
